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SECOND PRELIMINARY AMENDMENT 
Please amend the Sequence Listing as follows: 

Please replace pages 1-22 of the sequence listing submitted on August 1, 2001, with the 
sequence listing submitted herein, pages 1-25. 

Please amend the claims as follows: 

1 . (Amended) An isolated nucleic acid molecule which encodes a tissue repair protein 
and comprises a nucleotide sequence which hybridises to a nucleic acid sequence shown in SEQ 
ID NO: 1 under high stringency conditions. 

2. (Amended) The isolated nucleic acid molecule of Claim 1 wherein the stringent 
conditions are 1 x SSC, 0.1% SDS at 65°C. 

3. (Amended) The isolated nucleic acid molecule of claim 1 or claim 2 wherein the 
nucleic acid molecule is from a mammal. 
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4. (Amended) The isolated nucleic acid molecule of Claim 3 wherein the mammal is a 

human. 

5. (Amended) A method for diagnosing orofacial clefting in a patient, comprising 
detecting expression of a nucleic acid sequence shown in SEQ ID NO: 1, or fragments or variants 
of the nucleic acid sequence shown in SEQ ID NO:l, in selected target tissues(s). 

6. (Amended) A method for diagnosing orofacial clefting in patients suffering from, or 
suspected to be suffering from orofacial clefting, comprising detecting a mutation in a nucleic 
acid sequence shown in SEQ ID NO:l, or fragments or variants of the nucleic acid sequence 
shown in SEQ ID NO: 1 . 

7. (Amended) A polypeptide or a protein comprising an epitope for an antibody, or a 
protein modified by one or more amino acid modifications and comprising an epitope, or a 
modified or unmodified fragment comprising an epitope for a tissue repair protein encoded by a 
nucleic acid sequence having at least 75% identity to a nucleic acid sequence shown in SEQ ID 



8. (Twice Amended) A delivery vehicle comprising the nucleic acid molecule of Claim 
1 and/or the polypeptide of Claim 7, which is in the form of a suspension. 

9. (Amended) The delivery vehicle of Claim 8, wherein the delivery vehicle is adapted 
to deliver the nucleic acid molecule or polypeptide to a selected tissue. 

10. (Amended) An antibody raised against the polypeptide of Claim 7. 

11. (Amended) The antibody of Claim 10 wherein the antibody is a monoclonal 
antibody. 

12. (Amended) A method for diagnosing orofacial clefting, comprising detecting 
expression of a protein recognized by the antibody of claim 10. 



NO:39. 
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13. (Amended) A method for detecting the antibody of claim 10 in a sample, 



compnsmg: 



labeling a ligand comprising a protein or protein fragment of SEQ ID NO:2 
present in the sample; 

contacting the sample with the antibody of claim 10, wherein the antibody is 
immobilised which results in binding of the immobilised antibody to the labelled ligand; 
and 

detecting the labelled ligand bound to the immobilised antibody in the sample. 

14. (Twice Amended) A method for the treatment of orofacial clefting, comprising 
administering to a patient suffering from orofacial clefting the nucleic acid molecule of Claim 1 
and/or polypeptide of Claim 7. 

15. (Twice Amended) A method for treating wounds and/or promoting tissue repair, 
comprising administering to a patient suffering from a wound and/or tissue damage the nucleic 
acid molecule of Claim 1 and/or the polypeptide of Claim 7. 

16. (Twice Amended) A method of treating wounds and/or promoting tissue repair, 
comprising administering to a patient suffering from a wound and/or tissue damage a 
composition comprising the delivery vehicle of Claim 8. 

17. (Twice Amended) A pharmaceutical composition comprising the nucleic acid of 
Claim 1 and/or the protein of Claim 7. 

18. (Twice Amended) A method for treating orofacial clefting and/or wound healing 
and/or tissue repair comprising administering to a patient the nucleic acid of Claim 1 and/or the 
protein of Claim 7. 
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19. (Amended) An isolated nucleic acid molecule encoding a tissue repair protein 
comprising a nucleotide sequence which hybridises to a nucleic acid sequence shown in SEQ ID 
NO:3 under high stringency conditions. 

20. (Amended) The isolated nucleic acid of Claim 19 wherein the stringent conditions 
are 1 x SSC, 0.1% SDS at 65°C. 

21. (Twice Amended) The isolated nucleic acid of Claim 19 wherein the nucleic acid 
molecule is from a mouse. 

22. (Amended) The polypeptide or a protein of claim 7, wherein the nucleic acid 
sequence comprising at least 75% identity to the nucleic acid sequence shown in SEQ ID NO:39 
comprises a nucleic acid sequence shown in SEQ ID NO:3, or a fragment thereof. 

23. (Twice Amended) A delivery vehicle comprising the isolated nucleic acid molecule 
of Claim 20 and/or the polypeptide of Claim 22. 

24. (Amended) An antibody raised against the polypeptide of Claim 22. 

25. (Amended) The antibody of Claim 24 wherein the antibody is a monoclonal 
antibody. 

26. (Twice Amended) A method for diagnosing or detecting orofacial clefting 
comprising detecting expression of a protein recognized by the antibody of claim 24. 

27. (Amended) A method of producing a transgenic mammal comprising disrupting a 
gene, or the effective part of the gene, wherein the gene encodes at least one tissue repair protein, 
and a resulting phenotype is a cleft palate in the transgenic mammal. 

28. (Amended) The method of Claim 27 wherein the transgenic mammal is a rodent. 
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29. (Twice Amended) The method of Claim 28 wherein the rodent is a mouse. 

30. (Twice Amended) The method of Claim 27 wherein the gene encoding the tissue 
repair protein is a nucleic acid molecule comprising a nucleotide sequence which hybridizes to a 
nucleic acid sequence shown in SEQ ID NO: 3 under high stringency conditions. 

3 1 . (Amended) The method of Claim 27 wherein the transgenic mammal is a human. 

32. (Twice Amended) The method of Claim 27 wherein the gene encoding the tissue 
repair protein is a nucleic acid molecule which encodes a tissue repair protein and comprises a 
nucleotide sequence which hybridizes to a nucleic acid sequence shown in SEQ ID NO: 1 under 
high stringency conditions. 

33. (Amended) A reporter gene construct based on a promoter region of a gene, or an 
effective part thereof encoded by SEQ ID NO: 1, or a fragment or variant thereof. 

34. (Amended) A method for detection/screening a pharmaceutical and/or other 
compound, comprising: 

contacting the pharmaceutical and/or other compound with a reporter gene construct of 
claim 33; and 

determining a transcriptional response of the reporter gene to the pharmaceutical or other 
compound wherein the transcriptional response is an indicator of a potential teratogenic effect of 
the pharmaceutical or other compound. 

35. (Reiterated) A cloned nucleic acid molecule encoding a tissue repair protein 
contained in a Yeast Artificial Chromosome species designated as AB 1380 YAC-CP 1 and 
deposited with NCIMB Limited of Aberdeen, Scotland (UK) under accession number NCIMB 
41005. 

36. (Amended) An isolated nucleic acid encoding a tissue repair protein, the nucleic 
acid selected from the group consisting of: 
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(a) DNA comprising a nucleotide sequence shown in SEQ ID NO:39; 

(b) nucleic acids which hybridize to DNA of (a) above under stringent conditions; and 

(c) nucleic acids which differ from the DNA of (a) or (b) above due to the degeneracy of 
the genetic code, and which encode a tissue repair protein encoded by the DNA of (a) or (b) 



37. (Amended) An isolated nucleic acid encoding a tissue repair protein, selected from 
the group consisting of: 

(a) DNA comprising a nucleotide sequence shown in SEQ ID NO:3; 

(b) nucleic acids which hybridize to DNA of (a) above under stringent conditions; and 

(c) nucleic acids which differ from the DNA of (a) or (b) above due to the degeneracy of 
the genetic code, and which encode a tissue repair protein encoded by the DNA of (a) or (b) 
above. 

Please add the following new claims: 

38. (New) The isolated nucleic acid molecule of claim 1, wherein the nucleic acid 
comprises at least 75% identity to a nucleic acid sequence shown in SEQ ID NO:39. 

39. (New) The isolated nucleic acid molecule of claim 38, wherein the nucleic acid 
comprises at least 85% identity to a nucleic acid sequence shown in SEQ ID NO:39. 

40. (New) The isolated nucleic acid molecule of claim 38, wherein the nucleic acid 
comprises at least 95% identity to a nucleic acid sequence shown in SEQ ID NO:39. 

41. (New) The polypeptide or protein of claim 7, wherein the nucleic acid sequence 
encodes a protein comprising an amino acid sequence shown in SEQ ID NO:2. 

42. (New) The polypeptide or protein of claim 22, wherein the nucleic acid sequence 
encodes a protein comprising an amino acid sequence shown in SEQ ID NO:4. 



above. 
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Remarks 

Claims 1-34 and 36-37 have been amended herein. Claims 38-42 have been added. Thus 
claims 1-42 are pending. 

No new matter has been added by this amendment, nor have any claims been narrowed. 
The claims were amended solely for the purpose of complying with U.S. claiming conventions. 

A new sequence listing is submitted. The sequence listing incorporates the human 
nucleic acid coding sequence shown in FIG. 7, as SEQ ID NO. 39. 

Claims 1, 2, 4, 9-11, 17, 19-22, 28-33, and 36-37 were amended to correct the antecedent 

basis. 

Claims 1-4 and 19-21 were amended to introduce the term "isolated." Support can be 
found on page 4, lines 12-20. 

Claims 2, 4, 8-11, 13-15, 17, 20, and 23-25 and were amended to change the phrase 
"according to" to "of in accordance with U.S. claiming conventions. 

Claims 3, 4, and 21 were amended to clarify the claim. Support can be found on page 4, 
lines 38-30. 

Claims 5, 6, 12, 17, 1 8, 26, and 34 were amended to change the "use" claims into method 
claims. Support can be found as follows: 

Claim 5: page 6, line 28-page 7, line 3 and page 8, lines 5-6 

Claim 6: page 6, line 28-page 7, line 3 

Claim 12: page 8, lines 4-6 

Claim 17: page 9, lines 1-2 

Claim 18: page 8, lines 19-31 

Claim 26: page 8, lines 4-6 

Claim 34: page 10, lines 26-29 and page 14, lines 16-27 
Claim 7 was amended to correct the spelling of "epitope." 

Claims 7 and 22 were amended and to clarify the claims. In addition, claim 22 now 
depends from claim 7. Support can be found in the specification on page 5, lines 19-23, and in 
FIG. 7. 
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Claim 10 was amended to clarify the claim. Support can be found in the specification on 
page 8, line 1 . 

Claim 13 was amended to correct the dependency and to clarify the claim. Support can 
be found in the specification on page 8, lines 12-17. 

Claims 15, 16, and 19 were amended to place the verb into an active form. 

Claim 24 was amended to clarify the claim. Support can be found in the specification on 
page 10, lines 1-3. 

Claim 27 was amended to clarify the claim. Support can be found in the specification on 
page 10, lines 5-7 and page 14, line 29 through page 15, line 25. 

Claims 28-32 and 36-37 were amended to remove redundant claim language. 

Claim 34 was amended to clarify the claim, and to depend from claim 33. Support can be 
found in the specification on page 10, lines 26-29 and on page 14, lines 16-26. 

Claims 36 and 37 were amended to correct the lettering of the subclaims. 

Support for new claims 38-40 can be found in the specification on page 5, lines 19-23, 
and in FIG. 7. 

Support for new claim 41 can be found in the specification on page 7, lines 5-9. 
Support for new claim 42 can be found in the specification on page 9, lines 19-23. 



One World Trade Center, Suite 1600 
121 S.W. Salmon Street 
Portland, Oregon 97204 
Telephone: (503) 226-7391 
Facsimile: (503) 228-9446 



Respectfully submitted, 



KLARQUIST SPARKMAN, LLP 




William D. Noonan, M.D. 
Registration No. 30,878 
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Marked-up Version of Amended Claims 
Pursuant to 37 C.F.R. §§ 1.121(b)-(c) 



1 . (Amended) [A] An isolated nucleic acid molecule which encodes a tissue repair 
protein and comprises a nucleotide sequence which hybridises to [the] a nucleic acid sequence 
shown in Toil SEQ ID NO: 1 under high stringency conditions. 

2. (Amended) [A] Thejsolated nucleic acid molecule [according to] of Claim 1 wherein 
the stringent conditions are 1 x SSC, 0.1% SDS at 65°C. 

3. (Amended) [A] The isolated nucleic acid molecule [according to either prededing 
claim which is] of claim 1 or claim 2 wherein the nucleic acid molecule is from a mammal 
[mammalian in origin] 

4. (Amended) [A] The isolated nucleic acid molecule [according to] of Claim 3 [which 
is derived from] wherein the mammal is a human. 

5. (Amended) [Use of the nucleic acid of SEQ ID NO: 1, fragments or variants thereof, 
in determining] A method for diagnosing orofacial clefting in a patient, comprising detecting 
expression of [mRNA] a nucleic acid sequence shown in SEP ID NO:l. or fragments or variants 
of the nucleic acid sequence shown in SEP ID NO:l. in selected target tissues(s) [for diagnosing 
orofacial clefting]. 

6. (Amended) [Use of the nucleic acid of SEQ ID NP:1, fragments or derivatives 
thereof, in determining the presence of DNA mutations] A method for diagnosing orofacial 
clefting in patients suffering from, or suspected to be suffering from orofacial clefting 
comprising detecting a mutation in a nucleic acid sequence shown in SEP ID NO:l. or fragments 
or variants of the nucleic acid sequence shown in SEP ID NP:1 . 

7. (Amended) A polypeptide or a protein comprising an epitope for an antibody^ or a 
protein modified by one or more amino acid modifications and comprising an epitope, or a 
[fragment] modified or unmodified fragment comprising an [eptitope] epitope for a tissue repair 
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protein encoded by [SEQ ID NO:2] a nucleic acid sequence having at least 75% identity to a 
nucleic acid sequence shown in SEQ ID NO:39. 

8. (Twice Amended) A delivery vehicle comprising the nucleic acid molecule 
[according to] of Claim 1 and/or the polypeptide [according to] of Claim 7, which [optionally] is 
in the form of a suspension. 

9. (Amended) [A] The delivery vehicle [according to] of Claim 8, wherein the delivery 
vehicle [which] is adapted to deliver [said] the nucleic acid molecule or polypeptide to a selected 
tissue. 

10. (Amended) [Antibodies] An antibody raised against the polypeptide [according to] 
of Claim 7. 

11. (Amended) [Antibodies according tol The antibody of Claim 10 Twherel wherein the 
antibody is [are] amonoclonal antibody . 

12. (Amended) [Use of antibodies, fragments or derivatives thereof according to Claim 
7 in the diagnosis of orofacial clefting] A method for diagnosing orofacial clefting, c omprising 
detecting expression of a protein recognized bv the antibody of claim 10 . 

13. (Amended) A method for detecting the [antibodies according to Claim 7] antibody 
of claim 10 in a sample, comprising: 

labeling a ligand comprising a protein or protein fragment of S EP ID NO:2 
present in the sample; 

contacting [with] the sample with the antibody of claim 10. wherein the antibody 
is immobilised [antibody against a protein or protein fragment of SEQ ID NO:2, which] 
which results in binding of the immobilised antibody [has bound thereto] to the [a] 
labelled ligand [comprising a protein or protein fragment of SEQ ID NO:2,] • and 

detecting the labelled ligand bound to die immobilised antibody [or labelled 
ligand bound to antibody] in the sample. 
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14. (Twice Amended) A method for the treatment of orofacial cleftm^ comprising 
administering to a patient suffering from orofacial clefting the nucleic acid molecule [according 
to] of Claim 1 and/or polypeptide of Claim 7. 

15. (Twice Amended) A method for [the treatment of] treating wounds and/or promoting 
tissue repair^ comprising administering to a patient suffering from a wound and/or tissue damage 
the nucleic acid molecule [according to] of Claim 1 and/or the polypeptide of Claim 7. 

16. (Twice Amended) A method of [treatment of ] treating w ounds and/or promoting 
tissue repair^ comprising administering to a patient suffering from a wound and/or tissue damage 
a composition comprising the delivery vehicle of Claim 8. 

17. (Twice Amended) A pharmaceutical composition comprising the nucleic acid 
[according to] of Claim 1 and/or [a] fee protein [according to] of Claim 7 [for use as a 
pharmaceutical]. 

18. (Twice Amended) A method for treating TUse of the nucleic acid according to Claim 
1 and/or the protein according to Claim 7 for the manufacture of a medicament for the treatment 
of] orofacial clefting and/or wound healing and/or tissue repair comprising administering to a 
patient the nucleic acid of Claim 1 and/or the protein of Claim 7 . 

19. (Amended) [A] An isolated nucleic acid molecule [which encodes] encoding a tissue 
repair protein [and comprise] comprising a nucleotide sequence which hybridises to [the] a 
nucleic acid sequence shown in [of] SEQ ID NO:3 under high stringency conditions. 

20. (Amended) [A] The isolated nucleic acid [according to] of Claim 19 wherein the 
stringent conditions are 1 x SSC, 0.1% SDS at 65°C. 

21. (Twice Amended) [A] The isolated nucleic acid [according to] of Claim 19 [that is 
murine in origin] wherein the nucleic acid molecule is from a mouse . 
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22. (Amended) [A] The polypeptide or a protein of claim 7, [comprising an epitope for 
an antibody or a protein modified by one or more amino acid modifications and comprising an 
epitope, or a fragment modified or unmodified comprising an eptitopei for a tissue repair protein 
encoded by SEQ ID NO:4] wherein the nucleic acid sequence comprising at least 75% identity to 
the nucleic acid sequence shown in SEP TP NO:39 comprises a nucleic acid sequence shown in 
SEP ID NO:3. or a fragment thereof . 

23. (Twice Amended) A delivery vehicle comprising the isolated nucleic acid molecule 
[according to] of Claim 20 and/or the polypeptide [according to] of Claim 22. 

24. (Amended) [Antibodies] An antibody raised against the polypeptide [according to] 
of Claim 22. 

25. (Amended) [Antibodies according to] The antibody of Claim 24 [where] wherein the 
antibody is [are] amonoclonal antibody . 

26. (Twice Amended) [Use of antibodies according to Claims 24 in] A method for 
diagnosing or detecting orofacial clefting comprising detecting expression of a protein 
recognized by the antibody of claim 24. 

27. (Amended) A method of producing a transgenic mammal comprising disrupting a 
gene, or the effective part [thereof,] of the gene, wherein the gene [encoding] encodes at least 
one tissue repair protei n, and a resulting phenotype is a cleft p alate in the transgenic mammal. 

28. (Amended) [A] The method of [producing a transgenic mammal according to] 
Claim 27 wherein the transgenic mammal is a rodent. 

29. (Twice Amended) [A] The method of [producing a transgenic mammal according 
to] Claim 28 wherein the [transgenic mammal] rodent is a mouse. 
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30. (Twice Amended) [A] The method of [producing the transgenic mammal according 
to] Claim 27 wherein the gene encoding the tissue repair protein is [the] a nucleic acid molecule 
comprising a nucleotide sequence which hybridizes to [the] a nucleic acid sequence shown in 
[of] SEQ ID NO: 3 under high stringency conditions. 

31 . (Amended) [A] The method of [producing a transgenic mammal according to] 
Claim 27 wherein the transgenic mammal is a human. 

32. (Twice Amended) [A] The method of [producing a transgenic mammal according 
to] Claim 27 wherein the gene encoding the tissue repair protein is a nucleic acid molecule which 
encodes a tissue repair protein and comprises a nucleotide sequence which hybridizes to [the] a 
nucleic acid sequence shown in [of] SEQ ID NO: 1 under high stringency conditions. 

33. (Amended) A reporter gene construct based on [the] a promoter region of a gene, or 
an effective part thereof encoded by SEQ ID NO:^ or a fragment or variant thereof. 

34. (Amended) A method for [Use of a reporter gene construct based on the promoter 
region of a gene or effective part thereof, encoded by SEQ ID NO:l in the] detection/screening 
[of] a pharmaceuticals] and/or other compound^] , comprising: 

contacting the pharmaceutical and/or other compound with the reporter gene construc t of 
claim 33: and 

determining a tr anscriptional response of the reporter gene to the ph armaceutical or other 
compound wherein the transcriptional response is an indicator of a [and their] potential 
teratogenic effect[s] of the pharmaceutical or other compound. 

36. (Amended) An isolated nucleic acid encoding a tissue repair protein, the nucleic 
acid [may be] selected from the group consisting of: 

(a) DNA [having the] comprising a nucleotide sequence [given herein as] shown in SEQ 
ID NO: 39 [1 (which encodes the protein having the amino acid sequence given herein as SEQ ID 
NO:2), and which encodes a tissue repair protein]; 
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[(f)] (b) nucleic acids which hybridize to DNA of (a) above [(e g.,] under stringent 
conditions[) and which encode a tissue repair protein]; and 

[(g)] (c) nucleic acids which differ from the DNA of (a) or (b) above due to the 
degeneracy of the genetic code, and which encode a tissue repair protein encoded by [a] the 
DNA of (a) or (b) above. 

37. (Amended) An isolated nucleic acid encoding a tissue repair protein, [the nucleic 
acid may be] selected from the group consisting of: 

(a) DNA [having the] comprising a nucleotide sequence [given herein as] shown in SEQ 
K) NO:3 [(which encodes the protein having the amino acid sequence given herein as SEQ ID 
NO:4), and which encodes a tissue repair protein]; 

[(h)] (b) nucleic acids which hybridize to DNA of (a) above [(e.g.,] under stringent 
conditionsf) and which encode a tissue repair protein] ; and 

[(i)] (c) nucleic acids which differ from the DNA of (a) or (b) above due to the 
degeneracy of the genetic code, and which encode a tissue repair protein encoded by [a] fee 
DNA of (a) or (b) above. 

38. (New) The isolated nucleic acid molecule of claim 1. wherein the nucleic acid has at 
least 75% identity to a nucleic acid sequence shown in SEP ID NO:39. 

39. (New) The isolated nucleic acid molecule of claim 38. wherein the nuc leic acid has 
at least 75% identity to a nucleic acid sequence shown in SEP ID NQ:39. 

40. (New) The isolated nucleic acid molecule of claim 38. wherein th e nucleic acid has 
at least 95% identity to a nucleic acid sequence shown in S EP ID NP:39. 

41. (New) The polypeptide or protein of claim 7. wherein the nucleic acid sequence 
encodes a protein comprising an amino acid sequence shown in SE P ID NP:2. 

42. (New) The polypeptide or protein of claim 22. wherein the nuc leic acid sequence 
encodes a protein comprising an amino acid sequence shown in SEP ID NP:4. 
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PRELIMINARY AMENDMENT 



Before calculating the filing fee for the present application, please amend the claims as 
follows: 

8 . (Amended) A delivery vehicle comprising the nucleic acid molecule according to 
Claim 1 and/or the polypeptide according to Claim 7, which optionally is in the form of a 
suspension. 

14. (Amended) A method for the treatment of orofacial clefting comprising 
administering to a patient suffering from orofacial clefting the nucleic acid molecule according 
to Claim 1 and/or polypeptide of Claim 7. 

1 5 . (Amended) A method for the treatment of wounds and/or tissue repair comprising 
administering to a patient suffering from a wound and/or tissue damage the nucleic acid 
molecule according to Claim 1 and/or the polypeptide of Claim 7. 
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1 6. (Amended) A method of treatment of wounds and/or tissue repair comprising 
administering to a patient suffering from a wound and/or tissue damage a composition 
comprising the delivery vehicle of Claim 8. 

1 7. (Amended) A nucleic acid according to Claim 1 and/or a protein according to 
Claim 7 for use as a pharmaceutical. 

1 8. (Amended) Use of the nucleic acid according to Claim 1 and/or the protein 
according to Claim 7 for the manufacture of a medicament for the treatment of orofacial clefting 
and/or wound healing and/or tissue repair. 

2 1 . (Amended) A nucleic acid according to Claim 1 9 that is murine in origin. 
23. (Amended) A delivery vehicle comprising the isolated nucleic acid molecule 
according to Claim 20 and/or the polypeptide according to Claim 22. 



letecting orofacial cleftiflg. 

29. (Amended) A method of producing a transgenic mammal according to Claim 28 
wherein the transgenic mammal is a mouse. 



wfybrein the gene encoding the tissue repair protein is the nucleic acid molecule comprising a 
^it-ieotide sequence which hybridizes to the nucleic acid of SEQ ID NO: 3 under high stringency 
conditions. 

32. (Amended) A method of producing a transgenic mammal according to Claim 27 
wherein the gene encoding the tissue repair protein is a nucleic acid molecule which encodes a 
tissue repair protein and comprises a nucleotide sequence which hybridizes to the nucleic acid of 
SEQ ID NO: 1 under high stringency conditions. 




30. (Amended) A method of producing the transgenic mammal according to Claim 27 
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REMARKS 



The claims in this application have been amended, solely for the purpose of complying 
with U.S. claiming conventions. 
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Portland, Oregon 97204 
Telephone: (503) 226-7391 
Facsimile: (503) 228-9446 



Respectfully submitted, 



KLARQUIST SPARKMAN CAMPBELL 
LEIGH & WHINSTON, LLP 




William D. Noonan, M.D. 
Registration No. 30,878 
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Marked-up Version of Amended Claims 
Pursuant to 37 C.F.R. §§ 1.121(b)-(c) 

Claims 

8. (Amended) A delivery vehicle comprising the nucleic acid molecule according to 
[any of Claims 1-4] Claim 1 and/or the polypeptide according to Claim 7, which optionally is in 
the form of a suspension. 

1 4. (Amended) A method for the treatment of orofacial clefting comprising 
administering to a patient suffering from orofacial clefting the nucleic acid molecule according 
to [any of Claims 1-4] Claim 1 and/or polypeptide of Claim 7. 

15. (Amended) A method for the treatment of wounds and/or tissue repair comprising 
administering to a patient suffering from a wound and/or tissue damage the nucleic acid 
molecule [molecule] according to [any of Claims 1-4] Claim 1 and/or the polypeptide of Claim 
7. 

1 6. (Amended) A method of treatment [according to either Claim 1 4 or Claim 1 5 
wherein said nucleic acid molecule and/or polypeptide is administered by the incorporation of 
said nucleic acid molecule into a delivery vehicle according to either of Claims 8 or 9] of 
wounds and/or tissue repair comprising administering to a patient suffering from a wound and/or 
tissue damage a composition comprising the delivery vehicle of Claim 8 . 

17. (Amended) A nucleic acid according to [any of Claims 1-4] Claim 1 and/or a 
protein according to Claim 7 for use as a pharmaceutical. 
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18. (Amended) Use of the nucleic acid according to [any of Claims 1-4] Claim 1 
and/or [a] the protein according to Claim 7 for the manufacture of a medicament for the 
treatment of orofacial clefting and/or wound healing and/or tissue repair. 

2 1 . (Amended) A nucleic acid according to [either Claim 1 8 or] Claim 1 9 that is 
murine in origin. 

23 . (Amended) A delivery vehicle comprising the isolated nucleic acid molecule 
according to [any of Claims 19-21] Claim 20 and/or the polypeptide according to Claim 22. 

26. (Amended) Use of antibodies according to [either of Claims 24 or 25] Claim 24 in 
diagnosing and/or detecting orofacial clefting. 

29. (Amended) A method of producing a transgenic mammal according to [either of 
Claims 27 or 28] Claim 28 wherein the transgenic mammal is a mouse. 

30. (Amended) A method of producing [a] the transgenic mammal according to [any 
of Claims 27-29] Claim 27 wherein the gene encoding the tissue repair protein is the nucleic acid 
molecule [according to any of Claims 19-21] comprising a nucleotide sequence which hybridizes 
to the nucleic acid of SEQ ID NO: 3 under high stringency conditions . 

32. (Amended) A method of producing a transgenic mammal according to [either of 
Claims 27 or 3 1] Claim 27 wherein the gene encoding the tissue repair protein is [the] a nucleic 
acid molecule [according to any of Claims 1-4] which encodes a tissue repair protein and 
comprises a nucleotide sequence which hybridizes to the nucleic acid of SEQ ID NO: 1 under 
high stringency conditions . 
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The present invention relates to the isolation of a nucleic acid molecule and the 
protein encoded thereby; and the use of these products as therapeutic agents 
particularly, but not exclusively, in gene therapy and/or tissue repair such as, without 
limitation enhancing wound and tissue healing and for the treatment of orofacial 
clefting. 



Background to the Invention 



Orofacial clefting is the most common human malformation, with an overall 
incidence of approximately 1 in 600 births. Cleft palate (CP) requires complex 
management and follow up by multi-disciplinary medical and surgical teams. It has a 
major impact on both communication and psychological morbidity. Both animal and 
human studies have shown that cleft palate can be the end result of a number of 
different aetiological processes. Amongst the teratogenic agents that can cause CP 
are common drugs (diazepam, sodium valproate, alcohol etc.). Maternal diabetes 
also confers an increased risk of CP. However, twin studies and familial segregation 
analyses in a number of different populations have consistently shown that there is a 
major genetic component to the aetiology of this common developmental 
abnormality. Despite this, little is known about the specific genetic defects 
underlying CP. The care of children with clefting is now concentrated in supra- 
regional centres where the necessary resources can be assembled. 



Isolated cleft palate (CPO) is a common human malformation, with a total birth 
incidence of 1 in 1250 in the West of Scotland [FitzPatrick et al. 1994]. Significant 
familial clustering [Carter et al. 1982; Shields et al., 1981; Christensen & Fogh- 
Andersen 1993] and twin studies [Shields et al. 1979] have both suggested that there 
is a major genetic component in the etiology of CPO. These studies and others 
[Fogh- Andersen, 1942] have also shown that CPO and cleft lip with or without cleft 
palate (CL(P)) are genetically distinct subgroups of orofacial clefting. CPO is a 
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common feature of chromosomal abnormalities, affecting -15% of all cases of 
simple autosomal aneupioidy (Schinzel 1994) and is associated with more than 370 
different malformation syndromes (Baraitser & Winter, 1997). However, in non- 
syndromic CL(P) or CPO, relative risk ratio analyses have indicated that there may 
5 be a relatively small number of interacting causative loci [FitzPatrick & Farrell, 
1993; Christiensson & Mitchell, 1996]. As yet, no disease-causing mutations in non- 
syndromic CPO have been identified. In the present application we identify for the 
first time a previously unrecognised gene for cleft palate located at 2q32. 

10 Development of the secondary palate, particularly in mice, has been used as a 
paradigm in developmental biology, and extensive descriptive studies of the 
distribution of proteins with putative roles in this process have been published. This 
knowledge base has led to the extensive use of candidate gene approaches in attempts 
to unravel the genetic basis of human cleft palate. However, these studies have met 
15 with limited success. Purely genetic approaches, in contrast, by the identification of 
genes causing rare syndromic forms of cleft palate, have yielded greater insights. An 
example of this is the positional cloning of the gene responsible for Treacher Collins 
syndrome. Experimental mouse models are another source of valuable information 
on clefting, for example the transgenic knock outs of Tgfp3 and Msxl. However, 
20 extrapolation from these models by testing for genetic association in human 
populations has been generally unsuccessful. 

There are a number of semi-dominant and recessive mouse models of isolated cleft 
palate, for example Twirler (Tw) and Dancer (Dc). These provide excellent 
25 opportunities to identify potential susceptibility loci for human CP via the positional 
cloning of the mouse genes. However, none of the loci for these mouse models lies 
within a region of conserved synteny with the human chromosome 2q32 region a 
gene from which is the subject of this application. 

30 The problem of identifying susceptibility loci for human malformations has recently 
been addressed by utilising the common phenomenon of autosomal aneupioidy. 
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Using the Human Cytogenetics Database, the entire set of information available on 
post-natally ascertained cases of simple autosomal aneuploidy has been statistically 
analysed in a manner not previously attempted. This has allowed the identification of 
specific autosomal regions that are significantly associated with particular 
malformations. 37 different malformations have been studied, covering a variety of 
different developmental processes. For cleft palate, 5 different putative loci were 
identified. The validity of the approach was confirmed by the identification of loci 
on 4p and 4q, which have previously been suggested to harbour CP susceptibility 
genes as a result of association or linkage studies. Unexpectedly a major new locus 
has been identified at 2q32-q33. Interestingly, the penetrance of haploinsufficiency 
in causing cleft palate at this locus appears to be higher than that of the other four 
loci. This region has not previously been implicated in the pathogenesis of CP. We 
have therefore gone on to obtain further independent evidence for the importance of 
this locus. 

From our studies we have identified a human gene which, when dysfunctional, 
unexpectedly results in cleft palate in man. Replacement of gene function is 
therefore useful in the treatment of cleft palate and the related cleft Hp. There is 
precedent that disruption of the TGF£3 gene, for example, leads to the development 
of cleft palate in animal models. There is also precedent that the use of TGF{33, for 
example, is beneficial in the treatment of wounds to achieve enhanced rates of 
healing. The gene and the protein of the present invention are also therefore useful 
therapeutically to enhance wound healing. They are also useful clinically to improve 
tissue repair or regeneration in other clinical contexts, for example in inducing repair 
of damage to cartilage or boney tissue. 

In the present application, we believe we have demonstrated the unexpected 
existence of an important locus on human chromosome 2q32 causing cleft palate. 
We have cloned this CP gene and found mutations in a large cohort of patients with 
cleft palate. Given the problems of day-to-day clinical management of patients with 
this distressing condition, we also expect that the diagnostic tools described herein 
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will be rapidly exploited clinically and possibly suggest approaches to prevention 
strategies for this common malformation. 

It is therefore an object of the present invention to provide a tissue repair gene and/or 
5 protein for use as a therapeutic agent. 

It is a further object of the present invention to provide a tissue repair gene and/or 
protein for use as a diagnostic agent. 

1 0 Statements of the Invention 

According to a first aspect of the present invention is an isolated nucleic acid 
encoding a tissue repair protein, the nucleic acid may be selected from the group 
consisting of: 

15 (a) DNA having the nucleotide sequence given herein as SEQ ID NO: 1 

(which encodes the protein having the amino acid sequence given 
herein as SEQ ID NO:2 ), and which encodes a tissue repair protein; 
(b) nucleic acids which hybridize to DNA of (a) above (e.g., under 
stringent conditions) and which encode a tissue repair protein ; and 

20 (c) nucleic acids which differ from the DNA of (a) or (b) above due to the 

degeneracy of the genetic code, and which encode a tissue repair 
protein encoded by a DNA of (a) or (b) above. 

DNAs of the present invention include those coding for proteins homologous to, and 
25 having essentially the same biological properties as, the proteins disclosed herein, 
and particularly the DNA disclosed herein as SEQ ID NO:l and encoding the protein 
given herein SEQ ID NO:2 This definition is intended to encompass natural allelic 
variations therein. Thus, isolated DNA or cloned genes of the present invention can 
be of any species of origin, including mouse, rat, rabbit, cat, porcine, and human, but 
30 are preferably of mammalian origin. For example, the mouse homologue SEQ ID 
NO:3 of the human protein encoded by SEQ ID NO: 1, differs by only 2 amino acids 
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in a total of 733 amino acids. Thus. DNAs which hybridize to DNA disclosed herein 
as SEQ ID NO:l (or fragments or derivatives thereof which serve as hybridization 
probes as discussed below) and which code on expression for a protein of the present 
invention (e.g., a protein according to SEQ ID NO:2), i.e. the tissue repair protein of 
the present invention associated with orofacial clefting and/or wound healing are to 
be included in the definition. 

Conditions which will permit other DNAs which code on expression for a protein of 
the present invention to hybridize to the DNA of SEQ ID NO.i disclosed herein can 
be determined in accordance with known techniques. For example, hybridization of 
such sequences may be carried out under conditions of reduced stringency, medium 
stringency or even stringent conditions (e.g., conditions represented by a wash 
stringency of 35-40% Formamide with 5x Denhardt's solution, 0.5% SDS and Ix 
SSPE at 37°C; conditions represented by a wash stringency of 40-45% Formamide 
with 5x Denhardt's solution, 0.5% SDS, and lx SSPE at 42°C; and conditions 
represented by a wash stringency of 50% Formamide with 5x Denhardt's solution, 
0.5% SDS and lx SSPE at 42° C, respectively) to DNA of SEQ ID NO:i disclosed 
herein in a standard hybridization assay. See, e.g., J. Sambrook et al., Molecular 
Cloning, A Laboratory Manual (2d Ed. 1989) (Cold Spring Harbor Laboratory). In 
general, sequences which code for proteins of the present invention and which 
hybridize to the DNA of SEQ ID NO:l disclosed herein will be at least 75% 
homologous, 85% homologous, and even 95% homologous or more with SEQ ID 
NO:l. Further, DNAs which code for proteins of the present invention, or DNAs 
which hybridize to that given as SEQ ID NO:l, but which differ in codon sequence 
from SEQ ID NO:l due to the degeneracy of the genetic code, are also an aspect of 
this invention. The degeneracy of the genetic code, which allows different nucleic 
acid sequences to code for the same protein or peptide, is well known in the 
literature. See, e.g., U.S. Patent No. 4,757,006 to Toole et al. at Col. 2, Table 1 . 
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According to a further aspect of the present invention is an isolated nucleic acid 
encoding a tissue repair protein, the nucleic acid may be selected from the group 
consisting of: 

(a) DNA having the nucleotide sequence given herein as SEQ ID NO:3 
(which encodes the protein having the amino acid sequence given 
herein as SEQ ID NO:4 ), and which encodes a tissue repair protein; 

(d) nucleic acids which hybridize to DNA of (a) above (e.g., under 
stringent conditions } and which encode a tissue repair protein ; and 

(e) nucleic acids which differ from the DNA of (a) or (b) above due to the 
degeneracy of the genetic code, and which encode a tissue repair 
protein encoded by a DNA of (a) or (b) above. 



According a further aspect of the invention there is therefore provided a cloned 
nucleic acid molecule encoding a tissue repair protein contained in a Yeast Artificial 
15 Chromosome species designated as AB 1380 YAC-CP1 and deposited with NCIMB 
Limited of Aberdeen, Scotland (UK) under accession number NCIMB 41005. 



According to a yet further aspect of the invention there is provided a nucleic acid 
molecule which encodes a tissue repair protein and comprises a nucleotide sequence 
20 which hybridises to the nucleic acid of SEQ ID NO:l under high stringency 
conditions. 



Preferably, hybridisation occurs under stringent conditions such as 1 x SSC, 0.1% 
SDS at 65 °C. 

25 

Preferably, the nucleic acid is mammalian in origin and more preferably is human. 



According to a yet further aspect of the invention there is provided use of the nucleic 
acid of SEQ ID NO:l, fragments and/or variants thereof, in determining expression 
30 of mRNA in selected target tissue(s) for diagnosing cleft palate. 



6 



WO 00/40719 



PCT/GBOO/00003 



According to a yet further aspect of the invention there is provided use of the nucleic 
acid of SEQ ID NO:l, fragments and/or variants thereof, in determining the presence 
of mutants in the DNA and thus diagnosing patients suffering from cleft palate. 

5 According to a further aspect of the invention there is provided a polypeptide, or a 
protein comprising an epitope for an antibody or a protein modified by one or more 
amino acid modifications and comprising an epitope, or a fragment modified or 
unmodified comprising an eptitope for a tissue repair protein encoded by SEQ ID 
NO:2. Ideally the polypeptide is encoded by the nucleic acid molecule of SEQ ID 
10 NO:l. 

According to a yet further aspect of the invention there is provided a delivery vehicle 
comprising the isolated nucleic acid molecule or polypeptide of the invention. 

15 Reference herein to the term delivery vehicle is intended to include any vector 
whether a viral vector or otherwise for example, without limitation, an adenovirus, a 
retrovirus, a herpesvirus, a plasmid, a phage, a phagemid or a liposome. 

Ideally said delivery vehicle is adapted for administration, for example, but without 
20 limitation, by suitable formulation into a suspension. 

More preferably, said delivery vehicle is adapted to deliver said nucleic acid 
molecule or polypeptide to selected tissue. Thus the delivery vehicle is provided 
with means to enable the nucleic acid molecule or polypeptide to be targeted to a 

25 specific site. The nature of the means comprises conventional technologies well 
known to those skilled in the art for example, without limitation, in the instance 
where the delivery vehicle is a viral vector said viral vector is provided with surface 
protein adapted to ensure the viral vector binds to and/or penetrates specific target 
tissues. Thus, in this way, the nucleic acid molecule or peptide, fragments or 

30 derivatives thereof of the invention can be used in gene therapy treatments. 
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According to a yet further aspect of the invention there is provided antibodies raised 
against the polypeptide, fragment or derivative thereof, of the invention. Ideally the 
antibodies are monoclonal and more ideally genetically engineered to be humanised. 
It will be apparent to those skilled in the art that the antibodies of the invention can 
5 be used to determine the expression of the polypeptide of the invention in selected 
target tissue and thus aid in the diagnosis of patients suffering from cleft palate. 

According to a yet further aspect of the invention there is provided use of antibodies, 
fragments or derivatives thereof in diagnosis of orofacial clefting. It will be 
1 0 appreciated that the fragments or derivatives of the antibodies contain the epitope. 

According to a yet further aspect of the invention there is provided a method for 
detecting the antibodies as described above, in a sample, comprising contacting with 
the sample immobilised antibody against a protein or protein fragment of SEQ ID 
15 NO:2, which antibody has bound thereto a labelled ligand comprising a protein or 
protein fragment of SEQ ID NO:2, and detecting labelled ligand bound to 
immobilised antibody or labelled ligand bound to antibody in the sample. 

According to a yet further aspect of the invention there is provided a method for the 
20 treatment of orofacial clefting comprising administering to a patient suffering from 
orofacial clefting the nucleic acid molecule and/or polypeptide of SEQ ID NO:l 
and/or SEQ ID NO:2. 

According to a further aspect of the invention there is provided a method for the 
25 treatment of wounds comprising administering to a patient suffering from tissue 
damage the nucleic acid molecule and/or polypeptide of SEQ ID NO:l and/or SEQ 
IDNO:2. 

Preferably, the nucleic acid molecule and/or polypeptide is administered by the 
30 incorporation of said nucleic acid molecule into a delivery vehicle as herein 
described and ideally the method of treatment involves the use of gene therapy. 
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According to a yet further aspect of the invention there is the nucleic acid and/or 
protcin.as herein before described for use as a pharmaceutical. 

According to a yet further aspect of the invention there is provided use of the nucleic 
5 acid and/or protein, fragments or variants thereof of SEQ ID NO: I and/or SEQ ID 
NO:2 for the manufacture of a medicament for the treatment of orofacial clefting 
and/or wound heaiing and/or tissue repair. 

According to a yet further aspect of the invention there is provided an isolated 
10 nucleic acid molecule, fragment or variant thereof which encodes a tissue repair 
protein wherein said isolated nucleic acid molecule has a nucleotide sequence which 
hybridises to the nucleic acid of SEQ ID NO:3 under high stringency conditions. 

Preferably, hybridisation occurs under stringent conditions such as 1 x SSC, 0.1% 
15 SDSat65°C. 

Preferably, the nucleic acid is murine in origin. 

According to a further aspect of the invention there is provided a polypeptide, or a 
20 protein comprising an epitope for an antibody or a protein modified by one or more 
amino acid modifications and comprising an epitope, or a fragment modified or 
unmodified comprising an eptitope for a tissue repair protein encoded by SEQ ID 
NO:4. Ideally the polypeptide is encoded by the nucleic acid molecule of SEQ ID 
NO:3. 

25 

According to a yet further aspect of the invention there is provided a delivery vehicle 
comprising the isolated nucleic acid molecule or polypeptide, fragments or 
derivatives thereof of SEQ ID NO:3 and/or SEQ ID NO:4. 
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According to a yet further aspect of the invention there is provided antibodies raised 
against the polypeptide, fragment or derivative thereof of SEQ ID NO:3. Ideally the 
antibodies are monoclonal. 

5 According to a yet further aspect of the invention there is provided a method of 
producing a transgenic mammal comprising disrupting a gene, or the effective part 
thereof, the gene encoding at least one tissue repair protein. 

Reference herein to disruption is intended to include complete or partial disruption of 
1 0 expression of the tissue repair protein such that the transgenic animal is unable to 
express levels of the said protein that are typically found in individuals suffering 
from cleft palate. 

Preferably, the transgenic mammal is a rodent and ideally a mouse and more 
1 5 preferably the gene encoding the tissue repair protein is the nucleic acid molecule or 
fragment or derivative thereof of SEQ ID NO:3. 

Preferably, the transgenic mammal is a human and more preferably the gene 
encoding the tissue repair protein is the nucleic acid molecule or fragment or 
20 derivative thereof of SEQ ID NO: 1 . 

According to a yet further aspect of the invention there is provided a reporter gene 
construct based on the promoter region of a gene, or effective part thereof, encoded 
by SEQ ID NO: 1. 

25 

According to a yet further aspect of the invention there is provided use of a reporter 
gene construct based on the promoter region of a gene, or effective part thereof, 
encoded by SEQ ID NO:l in the detection/screening of pharmaceuticals and/or other 
compounds and their potential teratogenic effects. 

30 
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Brief Description of the Figures 

Embodiments of the invention wili now be described by way of example only with 
reference to the following figures wherein: 

5 

Figures 1 A and 1 B represent chromosome painting of chromosome 2q in patients 
case 1 and case 2 respectively; 

Figures 2 A and B represent fluorescent in situ hybridisation of a YAC probe 
10 encoding IGF binding protein 5 in patients case 1 and case 2 respectively; 

Figures 3 A and B represent fluorescent in situ hybridisation of YAC's containing the 
markers D253 1 1 and D2S309 respectively, in patients case 1; 

15 Figure 4 represents fluorescent in situ hybridisation of YAC-CP1 in patient case 1; 
Figure 5 represents fluorescent in situ hybridisation of YAC-CPI in patient case 2; 

Figure 6 represents the DNA nucleotide sequence of a human tissue repair gene SEQ 
IDNO:l; 

Figure 7 represents the amino acid sequence for the tissue repair protein SEQ ID 
NO:2, encoded by SEQ ID NO:l ; 

Figure 8 represents the DNA nucleotide sequence of a mouse tissue repair gene SEQ 
25 IDNO:3; 

Figure 9 represents the amino acid sequence for the tissue repair protein SEQ ID 
NO:4, encoded by SEQ ID NO:3; 

30 Table 1 represents oligonucleotides used in the study; and 
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Table 2 represents the genetic map of the CP- 1 region. 

Detailed Description of the Invention 

5 We have tested the novel hypothesis that there is a major locus for cleft palate 
located at human chromosome 2q32. We have cloned and characterised this cleft 
palate gene. 

It is good clinical practice to perform karyotype analysis on all children with cleft 
10 palate. By this approach an 1 1 year old girl was ascertained with a de novo balanced 
reciprocal translocation between chromosomes 2q32 and 1 lpl4. This patient has a 
midline posterior cleft of the soft palate, mild learning difficulties and subtle 
craniofacial dysmorphism (Case 2). A second patient was then studied (Case 1) with 
a similar clinical phenotype and another de novo balanced reciprocal translocation, 
15 this time between chromosomes 2q32 and 7p21. These patients have remarkably 
consistent clinical features. The existence of 2 different individuals with balanced 
translocations, possibly involving a common break point at 2q32, strongly supported 
the conclusion of aneuploidy studies, that an important susceptibility locus for cleft 
palate exists in this cytogenetic region. 

20 

We have therefore taken a molecular cytogenetic route to further analyse these two 
patients. Initially, we wished to establish that the two break points on 2q32 were 
indeed located in the same region. A number of experiments using single 
chromosome painting were performed, which confirmed that both re-arrangements 

25 were apparently simple balanced reciprocal translocations and that to a first 
approximation, they occurred at the same place on chromosome 2q (Figure 1). Next, 
we tested the possible involvement of a number of potential candidate genes in this 
region. Yeast artifical chromosomes (YACs) containing these candidates were 
isolated and each was used for fluorescent in situ hybridization (FISH) analysis. This 

30 showed, for example, that the fibronectin and IGF binding protein 5 (IGFBP5) genes 
are both telomeric to the breakpoints (Figure 2). 
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We then isolated a total of 70 YACs using genetic markers distributed across the 
whole 2q32-q33 region. FISH analysis was performed systematically using each of 
these YACs, in order to position the breakpoints more precisely. Typical results from 
5 this study are presented in Figure 3. In support of our initial hypothesis, the FISH 
analyses confirm that the 2q breakpoints in both patients do indeed lie in the same 
small interval. We narrowed this region to less than 2 centiMorgans, by virtue of the 
fact that YACs containing the marker D2S3 1 1 are centromeric to both patients' 
breakpoints, while YACs containing D2S309 are telomeric to the breakpoints, again 
1 0 in both patients (Figure 3 shows Case 1 ; the data for Case 2 are similar). 

On the basis of this information, a YAC contig spanning this interval has been 
constructed. This has enabled us to resolve a number of uncertainties in current 
genetic maps of this region. We have placed 23 genetic markers within this small 

15 interval and isolated a total of 33 corresponding genomic clones. Our FISH results 
narrowed the region containing both breakpoints to <600 kb. The YAC clone CP-1 
(Fig. 4, 5) crosses both breakpoints. Clearly, this means that we have cloned the 
novel CP gene. The novel gene is defined by the break points in patients "Case 1" 
(0213) and "Case 2" (0145) at the point where they occur within YAC-CP1 which 

20 has been deposited with the NCIMB Limited under accession number 41005. Cell 
lines from Case 1 are available in the form of lymphoblastoid cells from ECACC 
(Porton Down, UK). 

The YAC clone spanning both breakpoints was used to screen flow-sorted, 
25 chromosome 2 specific cosmid and PAC libraries. A PAC and cosmid contig of the 
breakpoint region was constructed by a combination of fingerprinting and 
sequencing. Individual clones were used in further FISH analysis. This approach 
leads us to the PAC "CP-1" which has also been deposited as above which defines 
the region harbouring the CP gene. We then took the most direct route to isolating 
30 the gene itself, which was sequencing of this PAC clone. 
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The genomic DNA sequence was used for gene identification (SEQ ID NO:l) by a 
combination of EST database searching and computational prediction. We screened 
cDNA libraries to isolate clones corresponding to transcripts in this region. Together 
with the genomic sequence, these clones provided us directly with information about 
5 the intron-exon structure of the gene, and its promoter. In parallel studies, we also 
isolated the corresponding mouse gene (SEQ ID NO:3) by techniques well known in 
the art, which will be a prerequisite for transgenic studies. 

Availability of the CP gene now allows us to analyse material from patients with cleft 
10 palate. We can look for microdeletions at this locus, using FISH analysis of patients 
with apparently normal karyotypes. We also undertake sequencing of the gene, using 
cDNA or genomic DNA substrates as appropriate, in these patients. These diagnostic 
tests are useful clinically in the management of patients with cleft palate and in 
genetic counselling of them and their families. 

15 

In view of evidence implicating a number of known biologically active molecules, 
both endogenous and exogenous, in the aetiology of CP, it is interesting to examine 
the influence of such agents on the expression of the newly isolated 2q32 CP gene. 
This involves the construction of reporter piasmids containing a reporter gene 

20 construct of the gene of SEQ ID NO: 1 to examine promoter function of the CP gene. 
Such studies can then be followed up by a more detailed functional analysis of the 
promoter sequences including deletion mapping and by direct examination of the 
transcriptional response of the gene to a variety of agents by methods well known in 
the art. Thus the subject of the present invention is of value to the pharmaceutical 

25 industry for the toxicological evaluation of potential new drugs. Analysis of their 
effects on expression of the CP gene which is the subject of the present invention, 
will enable prediction of their possible teratogenicity. 

As discussed above, using SEQ ID NO:3, we isolated mouse genomic clones from 
30 libraries of strain 129 DNA isogenic with the ES cells in use in our laboratories, by 
techniques known in the art, having confirmed the organisation of the mouse gene, 
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we performed transgenic knockout experiments using standard approaches. One 
specific approach involved the use of the IRES-(3geo targetting construct, which as 
weil as eliminating function of the CP gene, allows monitoring of its expression 
pattern in the embryo by simple staining for p-galactosidase rather than extensive use 
5 of in situ hybridization. Such a transgenic approach also facilitated analysis of the 
effects of recognised teratogens on the expression of this gene in vivo. 

Availability of a transgenic model enabled us to undertake other interesting studies. 
For example, as the mutation in mouse is variable in penetrance, we are in a position 

10 to utilise mouse genetic approaches to map modifier loci. These are likely to have 
homologues in man which could well be of clinical significance. 
We have studied two unrelated individuals with strikingly similar clinical features, in 
whom there are apparently balanced de novo cytogenetic rearrangements involving 
the same region of chromosome 2q. We now describe molecular cytogenetic 

15 analyses that have localised the translocation breakpoint in both cases to a region of 
some 0.3 Mb between markers D2S311 and D2S115. This suggests that the true 
location of these breakpoints is 2q32. Independent support for the existence of a 
novel locus for cleft palate on 2q32 was obtained by a detailed statistical analysis on 
all cases in the Human Cytogenetics Database of non-mosaic single contiguous 

20 autosomal deletions associated with orofacial clefting. This revealed 2q32 to be one 
of only three chromosomal regions in which haploinsufficiency is highly significantly 
associated with isolated cleft palate. In combination, our data provided strong 
evidence for the existence at 2q32 of a gene that is critical to the development of the 
secondary palate. The close proximity of the two chromosomal breakpoints also 

25 made the positional cloning of this gene a realistic possibility. 

Subjects and Methods 

Case 1: Case 1, the fourth child of healthy, non-consanguineous parents, was 
30 delivered at 38 weeks' gestation, weighing 2.95kg. Cleft palate was noted at birth. 
Delayed motor development was apparent at four months and the patient did not 
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walk until two years. Particular problems were noted with the acquisition of language 
skills. She underwent repair of her cleft palate at eighteen months of age and required 
pharyngopiasty at eleven years. Her hearing was normal. She had a prominent nasal 
bridge, a small mouth and long, slender fingers. Her growth has been satisfactory, 
5 and her height has always been on or above the 50fh centile. Her weight was below 
the 10th centile until the age of five but at the age of ten was on the 75th centile. Her 
head circumference was on the 50th centile. She has moderate learning disability. 
Blood chromosome analysis revealed an apparently balanced reciprocal translocation 
with the karyotype 46XX, t(2;7)(q33;p21). Parental karyotypes were normal. FISH 
1 0 analysis showed no deletion of 22q 1 1 .22. 

Case 2: Case 2 was a female delivered at term after an uneventful pregnancy. At 
birth she was noted to have cleft palate and minor facial dysmorphism. In addition to 
repair of her palate, she had required surgical correction of a convergent squint. On 

15 examination at the age of 8 years, she has fair hair and skin, a long, narrow face with 
apparent hypotelorism, a prominent nasal bridge and pinched appearance above the 
nares, and a small mouth and jaw. She had abnormal dermatoglyphics with a 
reduced ridge count. She was of slender build, with height between the 75th and 90th 
centiles and weight on the 10th centile. She had mild global developmental delay, 

20 particularly in language skills, and was one year behind her peers in a mainstream 
school. Chromosome analysis revealed an apparently balanced reciprocal 
translocation with the karyotype 46,XX,t(2;ll)(q33;pl4). Parental karyotypes were 
normal. FISH analysis showed no deletion of 22ql 1.22. 

25 Molecular cytogenetic analysis 

Our initial working map across the 2q breakpoint region (Dib et al. 1996) and a 
modified physical map, based on the consensus map of Collins et al. (1996), adjusted 
to reflect data that have emerged from our FISH studies, are presented (Table 2). In 
30 addition to YACs containing this set of genetic markers, we also isolated YAC 
clones containing a number of genes that were known to be located in this region but 
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had not been finely mapped. These were selected on the basis of their potential 
involvement in the etiology of cleft palate (Table I). 

Statistical analysis of chromosomal deletions 

5 

By analysing all cases of single, contiguous, non-mosaic autosomal deletions stored 
in the Human Cytogenetics Database (HCDB) (Schinzel, 1994) three chromosomal 
regions (2q32. 4pl6-13, 4q31-35) were identified where monosomy is non-randomly 
associated with CPO. However, HCDB searches alone do not differentiate cleft 

10 palate in the context of CL(P) cases from those cases that have CPO. As these are 
etiologically distinct subgroups of orofacial clefting and might be expected to have 
different causative genetic loci, the precise significance of these three chromosomal 
loci must necessarily be unclear. For a better insight into the phenotypes associated 
with deletion of these regions, the original case reports of all cases were obtained and 

15 reviewed. A statistical reanalysis was then performed as before but confining the 
analysis to confirmed CPO cases. Briefly, the distribution of deletions of regions 
including bands on chromosomes 4 or 2q in CPO patients was determined. The 
observed number of CPO-associated deletions of each band was compared with the 
expected number, calculated from the distribution of all band deletions on 

20 chromosomes 4 and 2q in HCDB. The number of deletions of any band was taken to 
follow a Poisson distribution, since this number is usually small. Confidence limits 
for the observed number of deletions and the significance of any deviation from 
expectation were calculated as described by Vasarhelyi and Friedman (1989). 

25 Results 

Patient phenotypes 

Initial clues to the existence of a CPO locus on 2q32-33 came through the 
30 identification of a patient (Case 2) with a de novo balanced reciprocal translocation 
t(2;l I)(q33;pl4). A second patient (Case 1) was identified, again with CPO and a de 



17 



WO 00/40719 



PCT/GBOO/00003 



novo translocation [t(2;7)(q33;p21)J involving the same cytogenetic band on 
chromosome 2. Both patients had strikingly similar clinical appearances. 

FISH Analysis 

5 

Initial chromosome painting studies confirmed that the sizes of the translocated 2q 
fragments were approximately the same in both patients (Fig. 1 A, IB). To attempt to 
establish whether the breakpoints in Cases 1 and 2 had occurred within the same 
region of chromosome 2q32, single locus FISH analysis was then conducted, using a 
10 large collection of YACs containing markers mapping within the 2q32-33 region. 
The results of this FISH study are summarised in Table 1. YACs containing the 
candidate genes FN1 (fibronectin) (lamaroon 1996), IGFBP5 (Ferguson et al. 1992), 
IGFBP2 (not shown) and IHH (Indian Hedgehog) (Leek et al 1997, not shown) were 
all found to map distal (telomeric) to both chromosome 2 breakpoints. 

15 

Markers flanking both patients' 2q breakpoints were next identified by FISH (Fig. 
3A, B). The signal generated by YACs containing D2S3 1 1 is present on both the 
normal and derivative copies of chromosome 2, in both Cases 1 and 2. Thus D2S31 1 
is proximal (centromeric) to both breakpoints; this is clearly shown through 

20 simultaneous hybridization to the centromeric probes D2ZI and either D7Z1 or 
D11Z1. In contrast FISH with YACs containing D2S309, or D2S116 gave signals 
lying distal to the breakpoint in both individuals. This suggested that both 
breakpoints lie within a common region of some 2.5 Mb of 2q32. To reduce this 
interval further, YACs 14HA2 (containing D2S2189), 26IF5 (containing 

25 D2S1384/D2S307/ CTLA4/D2S 1 05/D2S72) and 1 1GG8 (containing D2S1 1 5) were 
analysed. All were found to map distal to the 2q32 breakpoint in both patients. In 
this way, by systematic FISH analysis, the breakpoint region in both these patients 
with cleft palate has been localized to an interval, which may be as small as 0.3 Mb, 
according to current maps (Collins et al. 1996). 

30 
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We suggest that a previously unrecognised locus causing cleft palate resides in 
chromosome region 2q32. Our suggestion relies on the integration of clinical, 
cytogenetic, molecular and statistical data. Two unrelated children had strikingly 
similar clinical features, each having a de novo cytogenetic rearrangement apparently 
involving the same band on chromosome 2q. Both girls had cleft palate. They also 
both had mild learning difficulties and a strikingly similar facial appearance. While 
their facial dysmorphisms are subtle, these and other clinical features were 
reminiscent of those seen in velocardiofacial syndrome (VCFS, OMIM 192430). It 
would appear, however, that these girls do not have VCFS, as neither of them has a 
cardiac malformation, nor the microdeletion of 22ql 1 .22 seen in most cases of VCFS 
(Scrambler et al., 1992). The existence of non-22q-deleted phenocopies of VCFS is 
well recognized (Daw et al., 1996), so that it is possible that a 2q32 iocus accounts 
for a proportion of such cases. 

We isolated markers for this region of chromosome 2q, which allowed us to isolate a 
large number of genomic reagents for precise delineation of the 2q breakpoints in 
both cases. The 30 separate YACs that have been isolated provide good 
representation of this 2.5 Mb region. 

The initial G-banded cytogenetic studies performed on both patients indicated the 
existence of a common breakpoint near 2q33. However, our single locus FISH 
studies collectively strongly suggest that the breakpoint in both Case 1 and Case 2 
lies in 2q32. This discrepancy may result from the known bias in reporting of 
breakpoints in favor of Giemsa-pale bands, or it may be that the true breakpoint is at 
the 2q32-2q33 band junction. More importantly, both breakpoints mapped to a very 
small chromosomal region between D2S311 and D2S115, strongly suggesting that 
the same single gene is disrupted in both patients. These flanking markers are 
estimated to map at 207.169 Mb and 207.462 Mb respectively, in the current version 
of the Location Database LDB (Collins et al. 1996; ttp://cedar. genetics. 
soton.ac.uk/public html/). The cleft palate gene was thus localized by our studies to a 
region as small as 0.3 Mb. Two additional genetic markers (D2S374 and D2S1413 ) 
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have been mapped into this interval. A genomic clone, YAC-CP1, crosses both 
patients' breakpoints and represents the cloning of this cleft palate gene. Proof that 
2q32 contains a CPO-causative genetic locus has been provided by the cloning of a 
gene whose function is disrupted by both breakpoints in these patients and the 
demonstration of mutations within this gene in cytogenetically normal individuals 
with CPO. 
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Amended Claims 

1. Use of the nucleic acid of SEQ ID NO:l or SEQ ID NO:3, fragments or 
variants thereof, in detennining expression of mRNA in selected target tissue(s) for 

5 diagnosing orofacial clefting. 

2. Use of the nucleic acid of SEQ ID NO:l or SEQ ID NO:3, fragments or 
derivatives thereof, in determining the presence of DNA mutations in patients 
suffering from, or suspected to be suffering from orofacial clefting. 

10 

3. A polypeptide or a protein comprising an epitope for an antibody or a protein 
modified by one or more amino acid modifications and comprising an epitope, or a 
fragment modified or unmodified comprising an eptitope for a tissue repair protein 
encoded by SEQ ID NO:2 or SEQ ID NO:4, for use in diagnosing orofacial clefting. 

15 

4. A delivery vehicle comprising the nucleic acid molecule as defined in either 
claim 1 or 2 and/or a polypeptide as defined in claim 3, which optionally is in the 
form of a suspension. 

20 5. A delivery vehicle according to Claim 4 which is adapted to deliver said 
nucleic acid molecule or polypeptide to a selected tissue. 

6. Antibodies against the polypeptide according to Claim 3. 

25 7. Antibodies according to Claim 6 which are monoclonal. 

8. Use of antibodies, fragments or derivatives thereof according to either Claim 
6 or 7 in the diagnosis of orofacial clefting. 
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9. A method for detecting the antibodies according to either Claim 6 or 7 in a 
sample, comprising contacting with the sample immobilised antibody against a 
protein or protein fragment of SEQ ID NO:2 or SEQ ID NO:4, which antibody has 
bound thereto a labelled ligand comprising a protein or protein fragment of SEQ ID 

5 NO:2 or SEQ ID NO:4, and detecting labelled ligand bound to immobilised antibody 
or labelled ligand bound to antibody in the sample. 

10. A method for the treatment of orofacial clefting comprising administering to a 
patient suffering from orofacial clefting the nucleic acid molecule as defined in either 

1 0 claim 1 or 2 and/or the polypeptide as defined in claim 3 . 

11. A method for the treatment of wounds and/or tissue repair comprising 
administering to a patient suffering from a wound and/or tissue damage the nucleic 
acid molecule molecule as defined in either claim 1 or 2 and/or the polypeptide as 

1 5 defined in claim 3 . 

12. A method of treatment according to either Claim 1 0 or Claim 1 1 wherein said 
nucleic acid molecule and/or polypeptide is administered by the incorporation of said 
nucleic acid molecule into a delivery vehicle according to either of Claims 4 or 5. 

20 

,13. A nucleic acid as defined in either claim 1 or 2 and/or the polypeptide as 
defined in claim 3 for use as a pharmaceutical. 

14- Use of the nucleic acid as defined in either claim 1 or 2 and/or the 
25 polypeptide as defined in claim 3 for the manufacture of a medicament for the 
treatment of orofacial clefting and/or wound healing and/or tissue repair. 

15. A method of producing a transgenic non-human mammal comprising 
msnmting a gene, or the effective part thereof, the gene encoding at least one tissue 
30 repair protein and comprising the nucleic acid sequence as set forth in SEQ ID NO:3. 
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16. A method according to Claim 15 wherein the transgenic non-human mammal 
is a rodent. 

17. A method according to either of Claims 15 or 16 wherein the transgenic non- 
5 human mammal is a mouse. 

1 8. A reporter gene construct based on the promoter region of a gene, or effective 
part thereof encoded by SEQ ID NO:l or SEQ ID NO:3 or fragment or variant 
thereof. 

10 

19. Use of a reporter gene construct based on the promoter region of a gene or 
effective part thereof, encoded by SEQ ID NO:l or SEQ ID NO:3 in the 
detection/screening of pharmaceuticals and/or other compounds and their potential 
teratogenic effects. 

15 

20 . A cloned nucleic acid molecule encoding a tissue repair protein contained in a 
Yeast Artificial Chromosome species designated as AB 1380 YAC-CP1 and 
deposited with NCIMB Limited of Aberdeen, Scotland (UK) under accession number 
NCIMB 41005. 

20 

21 . An isolated nucleic acid encoding a tissue repair protein, the nucleic acid may 
be selected from the group consisting of: 

(a) DNA having the nucleotide sequence given herein as SEQ ED NO:l 
(which encodes the protein having the amino acid sequence given 

25 herein as SEQ ID NO:2 ), and which encodes a tissue repair protein; 

(b) nucleic acids which hybridize to DNA of (a) above (e.g., under 
stringent conditions) and which encode a tissue repair protein ; and 

(c) nucleic acids which differ from the DNA of (a) or (b) above due to the 
degeneracy of the genetic code, and which encode a tissue repair 

30 protein encoded by a DNA of (a) or (b) above. 
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22 . An isolated nucleic acid encoding a tissue repair protein, the nucleic acid may 
be selected from the group consisting of: 

(a) DNA having the nucleotide sequence given herein as SEQ ID NO:3 
(which encodes the protein having the amino acid sequence given 
5 herein as SEQ ID NO:4 ), and which encodes a tissue repair protein; 

(d) nucleic acids which hybridize to DNA of (a) above (e.g., under 
^ stringent conditions) and which encode a tissue repair protein ; and 

(e) nucleic acids which differ from the DNA of (a) or (b) above due to the 
degeneracy of the genetic code, and which encode a tissue repair 

1 o protein encoded by a DNA of (a) or (b) above. 

23. A pharmaceutical formulation comprising the nucleic acid sequence of SEQ 
ID NO:l or SEQ ID NO:3 fragments or variants or products thereof, and a 
physiologically acceptable excipient, diluent or carrier. 

15 
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FIGURE 6 SEQ ID NO : 1 {Human cDNA) 



3 ggaggatrcgcagttcaacatcaaggrccctgtgcgttttattgcgacctgccggtggga 

63 actttgtcuccgagtcggagcagcatggagcggcggagcgagagcccgtgtctgcgggac 
MERRSESPCLRD 
123 agccccgaccggcggagcggcagcccggacgtcaaggggcctcccccagtgaaggtggcc 

SPDRRSGSPDVKGPPPVKVA 
183 cggctggagcagaacggcagccccatgggagcccgcgggaggcccaacggcgccgtggcc 

RLEQNGSPMGARGRPNGAVA 
243 aaggccgrgggaggtttgatgattcctgtcttttgtgtcgtggagcagttggacggctct 

KAVGGLMI PVFCVVEQLDGS 
303 cttgaata-gacaacagagaagaacacgccgagtttgtcctggtgcggaaagatgtgctt 

LEYDNREEHAEFVL VRKDVL 
363 tttagccagctggtggagactgcgctcctggccctggggtattctcacagctctgcggcc 

FSQLVETALLALGYSHSSAA 
4 23 caggcccaaggaataatcaagctgggaaggtggaaccctctccccctcagttatgtgaca 

QAQGI I KLGRWNPLPLSYVT 
4 83 gatgcacccgacgcqacagtggccgacatgctacaagatgtctatcatgttgtgacgttg 

DAPDATVADMLQDVYHVVTL 
54 3 aaaatccaaTitacaaagttgttcaaagttggaagacttgcctgcggagcagtggaaccat 

KIQLQSCSKLEDLPAEQWNH 
603 gccacagtccgcaatgccttaaaggaactgctcaaagagatgaaccagagcacattagcc 

ATVRNALKELLKEMNQSTLA 
663 aaagaatgccctctctcccagagtat:gatttcatccattgtaaatagcacatattatgcc 

KECPLSQSKISSIVNSTYYA 
723 aatgtgtcagcaaccaagtgccaggagtttgggagatggtataaaaagtacaagaagatt 

NV SAT KCQE FGRWYKKYKKI 
783 aaagtggaaagagtggaacgagaaaacctttcagactattgtgttctgggccagcgtcca 

KVERVERENLSDYCVLGQRP 
84 3 atgcattraccaaatatgaaccagctggcatccctggggaaaaccaacgaacagtctcct 

MHLPNMNQLASLGKTNEQSP 
903 cacagccaaattcaccacagtactccaatccgaaaccaagtgcccgcattacagcccatc 

HSQIHHSTPIRNQVPALQPI 
963 atgagcccrggtctt ctttctccccagcttagtccacaacttgtaaggcaacaaatagcc 

MSPGLLSPQLSPQLVRQQIA 
1023 atggcccatctgataaaccaacagattgccgttagccggctcctggctcaccagcarcct 

MAHLINQQIAVSRLLAHQHP 
1083 caagccarcaaccagcagttcctgaaccatccacccatccccagagcagttaagccagag 

QAI NQQFLNK PPI PRAVKPE 

1143 ccaaccaactcttccgtggaagtctctccagatatctaccagcaagtcagagatgagctg 

PTNSSVEVSPDIYQQVRDEL 
1203 aagagggccagtgtgtcccaagctgtctttgcaagagtggcattcaaccgcacacaggga 

KRASVSQAVFARVAFNRTQG 
1263 ttgttgtc^gagattctgcgtaaggaagaagaccctcggacagcctctcagtctcttcta 

LLSEILRKEEDPRTASQSLL 
1323 gtaaaccrgagggccatgcagaatttcctcaatctgccagaagtggagcgagatcgcatc 

VNLRAMQNFLNLPEVERDRI 
1383 taccaggacgagagggagcggagcatgaatcccaatgtgagcatggtctcctcggcctcc 

YQDERERSMNPNVSMVSSAS 
14 4 3 agcagtcccagctcctcccgaacccctcaggccaaaacctcgacaccgacaacagacctc 

SSPSSSRTPQAKTSTPTTDL 
1503 cctattaaggtggacggcgccaacatcaacatcacagctgccatttatgacgagatccaa 

P I KVDGANI N I TAAI Y.DE I Q 
1563 caggagaigaaaagggccaaggtgtctcaagccctgtttgccaaagtggctgcaaataaa 

QEMKRAKVS QALFAKVAANK 
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1623 agtcagggctggccgtgtgaactgc-ccgctggaaggagaacccaagcccagaaaaccgc 

SQGWLCELLRWKENPSPENR 
168 3 accctctgggaaaacctctgtaccazccgtcgcttcctgaaccttccccagcacgagagg 

TLWENLCTIRRFLNLPQHER 
17 4 3 gatgtcatctatgaggaggagtcaacgca- caccacagcgaacgcatgcaacacgtggtc 

DVIYEEESRH.WHSEBMQHVV 
1803 cagcttccccctgagccggtgcagg^acTLtcatagacagcagtctcagccagccaaggag 

QLPPEPVQVLHRQQSQPAKE 
1863 agttccccrcccagagaagaagcgcc^cccccacctcctccgactgaagacagttgtgcc 

SSPPREEAPPPPPPTEDSCA 
1923 aaaaagccccggtctcgcacaaagatctccttagaagccctggggatcctccaaagcttt 

KKPRSRTKI3LEALGILQSF 
1983 attcatgatgtaggcctgtacccagaccaggaagccatccacactctttcggctcagctg 

I HDVGLYPDQEAIHTLSAQL 
2043 gatctccccaaacacaccatcatcaagrtcttccagaaccagcggtaccacgtgaagcac 

DLPKHTIIKFFQNQRYHVKH 
2103 cacgggaagctgaaagagcacctgggctccgcggtggacgtggctgaatataaggacgag 

H6KLKEHLGSAVDVAEYKDE 
2163 gagctgctgaccgagtcagaggagaacgacagcgaggaaggctccgaggagatgtacaaa 

ELLTESEEKDSEEGSEEMYK 
2223 gtggaggcrgaggaggaaaatgccgacaaaagcaaggcagcacctgccgaaattgaccag 

VEAEEENADKSKAAPAEI D Q 
2283 agataarg-gaacttctactaggcaaagcaatacatcggtccaaggattttctgctttca 

R * 

234 3 tttctttaaaagttttttgttagtttgttrtttgtttttgtttttgggtttttttggctt 
2403 tatttttgcctttttatgtctgttt-gtttt-ccttacccttttggacatttctttgttgc 
24 63 acaggatacacctatagactgaataagttcagtatttccgaatcagacatcgccttggca 
2523 aagacactaaagcgttacactttatcccgtcrctatgactggatcatagtcat^cataatc 
2583 acaggagactctgccttcattatcctrgcacttaacggaagttacatcaggcaagctcca 
2643 ggatgaaaagaactatgaaataaatgaaggaagctacaagtgtgtgtgtatatgtatarg 
2703 tatatatcrctatatttacatatataratraaaattgcatgggacagagactttgcaatc 
2763 cgaaagaauagactgrgaaatgagrr crtaaagaaaagacttgtttatgtattaaaaaaa 
2823 ccacttcacagtgagtcgctttggctrtttgataaactgcggcctgctctcagggtgggg 
2883 tgactatTi-ttgaattcctatttar-irrttgtgtttgtccctgatttttttttttaattc 
2943 tatggcrtcctatctggcagcttaatgggtaatttttgaggtatgtatttaacaaaataa 
3003 acgacactgccgaaaaaaaaaaaagcgaagtgaaaacaatcagggcacattaaaatgata 
3063 caagtcaaataaarcttaaagacacaatgcacacttaaaatgactcaataaaatgacttg 
3123 ctacgttccgttattcaatrtgtcarractgtagtgaacagaTigcatttctgtggaattc 
3183 caaataagtaaaactgaaattcagtgcagagaaaactttgtccactagtgcaagtcttga 
324 3 tcaaatgacattttgacattggacatatggaattcatagtatgagccacatttcgttgtg 
3303 aaatttatttacctgcttgtggctccaaatctgaaaattaataagcctgctcgtttaaaa 
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3363 gcLgtttgttgttgctgrttttttgccttcttgttttttactagaaaatagttcagtgta 
3423 acattaagttagaaaagaagttgctgcccagttaaaggggctccctctcaaataaatctc 
34 83 catccrtccctctcccaaaagacaTitrctgatttctgcttcactttgggcttcctcttct 
3 54 3 tcgtacacattccatct:acctaatcaaacaT:t.ttcagtccctgat:ctctcctgtcccttt 
3603 tcctgggatgacagccctaacaagaactgt-ct ttgaatcgttgtgcagctccaggcaata 

3 663 gagtatgtgaagcgatttcagtagaatcacttactcatcctaaaagaaaaca-ctatccca 
3123 gttacctacatcgcaartaccttatctaaagcagaactaatgctgactggatgtttaatg 
3783 ggatgagcatraaagctgcaatct actatagtactccagatctctttcggcttccxatga 
384 3 gaaacaccagaagcattactttccac-tctacctacagtaattgcaagaggagacctcac 
3903 attcaggactggcctagtgaacgtaatccatgctttaaactggccattaaacagtcccac 
3963 arggttggatttttrttttttttttgagttgtgctttcacaaaaccttgtcaaagacctc 

4 023 atgcaatatcactttgaaagttattrtctgtttactacacaaacattgtaatataactgt 
4083 taatactatttatatatttgaaaggrataaaaggtaggagttaaaaaaaaaacctctatg 
4143 tgtagatattaactcagaacttacaatatacagggagaagacatgttgcaatacaagcta 
4203 attctagcrgctcagtaacctctggagtttttaaagggacattttcctgtactttttcaa 
4263 ataatgargtttaaaaattatcttgacataaqcgtcatatacctttgcaaaaggatggtt 
4323 gtttgcagttagccctggccccatccttcctatttctgtagtatgctgcagctttaatca 
4 3B3 gaaagtccatggttgctgcttcctgaTctccgagttactctttccaaattgtcttcttac 
4 443 ac-gtrgctgaaggtcactctgtacacgtaatggaaactgattttgccaagctcttacaa 
4503 ggtggttcatctatcgatggcatccgcattrggtatcttttacacttcaaccaaaaattt 
4563 attaggtatttttcaatgctaagtc—gccttttattttttaatttcactgccaagtttg 
4 623 cagtggrrctaagtgaatctgtgggcattttagcctgtggtcttgccagatctttgcgaa 
4 68 3 t-acaatgcatatatgtctattta" caatatctgtcatataatatctatttggaagaag 
47 43 aaactt-uctcttgtagtgcctcttgacaaagcacaatttcccgccttttttttttttttt 
4 803 crgaaatgaaaaaaacaaattgtgt^ttattgcggtatcaacaatgtgaataaggattaa 
4 863 catattgtaaatgttcttttttccargtaaatcaactatctttgttatcactaagrgata 
4 923 atraattrttaacttatgtgcattgrtaggctgttagaattttttggttgttaaaataaa 
4983 cgcattcaataaatatg 4999 
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FIGURE 7 SEQ ID NO: 2 {Human amino acid sequence) 

87 arggagcggcggagcgagagcccgtgtctgcgggacagccccgac 

M^ERRSESPCLRDSPD 
132 cggcggagcggcagcccggacgtcaaggggcctcccccagtgaag 

RRSGSPDVKGPPPVK 
177 gtggcccggctggagcagaacggcagccccatgggagcccgcggg 

VARLEQNGS PMGARG 
222 aggcccaacggcgccgtggccaaggccgrgggaggtttgatgatt 

RPNGAVAKAVGGLMI 
2 67 cctgtcttttgtgtcgtggagcagttggacggctctcttgaatat 

PVFCVVEQLDGSLEY 
312 gacaacagagaagaacacgccgagtttgtcccgg'cgcggaaagat 

DNREEHAEFVLVRKD 
357 gtgctttrtagccagctggtggagactgcgctcctggccctgggg 

VLFSQLVETALLALG 
4 02 tattctcacagctctgcggcccaggcccaaggaataatcaagctg 

YSHSSAAQAQGIIKL 
4 47 ggaaggtggaaccctctccccctcagttatgtgacagatgcaccc 

GRWNPLPLSYVTDAP 
4 92 gacgcgacagtggccgacatgctacaagatgtctatcatgttgtg 

DATVADMLQDVYHVV 
537 acgttgaaaatccaattacaaagtcgttcaaagttggaagacttg 

TLKIQLQSCSKLEDL 
582 ccxgcggagcagtggaaccatgccacagtccgcaatgccttaaag 

PAEQWNHATVRNALK 
627 gaactgctcaaagagatgaaccagagcacattagccaaagaatgc 

ELLKEMNQSTLAKEC 
672 cctctctcccagagtatgatttcarccattgtaaatagcacatat 

PLSQSMISSIVNSTY 
717 tatgccaatgtgtcagcaaccaagtgccaggagtttgggagatgg 

YANVSATKCQEFGRW 
7 62 ^a'aaaaagtacaagaagattaaagcggaaagagtggaacgagaa 

YKKYKKIKVERVERE 
807 aacctt-ccagacta-ctgtgttctgggccagcgtccaatgcattta 

NLS DYCVLg'qRPMHL 
852 ccaaatatgaaccagctggcatccccggggaaaaccaacgaacag 

PNMNQLASLGKTNEQ 
897 tctcctcacagccaaattcaccacagtactccaatccgaaaccaa 

SPKSQIHHSTPIRNQ 
942 gtgcccgcattacagcccatcatgagccctggtcttctttctccc 

VPALQPIMSPGLLSP 
987 cagcttagtccacaacttgtaaggcaacaaatagccatggcccat 

QLS PQLVRQQIAMAH 
1032 crgataaaccaacagattgccgttagccggctcctggctcaccag 

LINQQIAVS RLLAHQ 
1077 catcctcaagccatcaaccagcagrrcctgaaccatccacccatc 

HPQAINQQFLNHPPI 
1122 cccagagcagttaagccagagccaaccaactcttccgtggaagtc 

PRAVKPEP7NSSVEV 
1167 tctccagatatctaccagcaagtcagagatgagctgaagagggcc 

S PD I YQQVRDELKRA 
1212 agtgtgccccaagctgtctttgcaagagrggcattcaaccgcaca 

SVSQAVFARVAFNRT 
1257 cagggattgttgtctgagattctgcgtaaggaagaagaccctcgg 

QGLLSEILRKEEDPR 
1302 acagcctctcagtctcttctagtaaacctgagggccatgcagaat 
T A S Q S L L V L R A M Q N 
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134 7 ttcctcaatctgccagaagtggagcgagatcgcatctaccaggat 

FLNLPEVERDP I Y Q D 
1392 gagagggagcggagcatgaatcccaatgtgagcatggtctcctcg 

ERERSMNPKVSMVSS 
14 37 gcctccagcagtcccagctcctcccgaacccct caggccaaaacc 

ASSSPSSSRTPQAKT 
14 82 t cga ca ccga caa cagacctccc tart a aggt ggacggcgccaac 

STPTTDLPIKVDGAN 
1527 atcaacatcacagctgccatttatgacgagatccaacaggagatg 

INITAAIYDEIQQEM 
1572 aaaagggccaaggtgtcrcaagcccrgtttgccaaagtggctgca 

KRAKVSQALFAKVAA 
1617 aa-caaaagzcagggctggctgtgtgaactgctccgctggaaggag 

NKSQGWLCELLRWKE 
1662 aacccaagcccagaaaaccgcaccctctgggaaaacctctgtacc 

NPSPENRTLWENLCT 
1707 atccgtcgcttcctgaaccttccccagcatgagagggatgtcatc 

IRRFLNLPQKERDVI 
17 52 z at gaggaggagtca a ggcat caeca cagcgaacgcatgca a cac 

YEEESRHHKSERMQH 
17 97 gcggtccagcttccccctgagccggtgcaggtacttcatagacag 

VVQLPPEPVQVLHRQ 
1842 cagtctcagccagccaaggagagttcccctcccagagaagaagcg 

QSQPAKESSPPREEA 
1887 cctcccccacctcctccgactgaagacagttgtgccaaaaagccc 

PPPPPPTEDSCAKKP 
1932 cggtctcgcacaaagatctccttagaagccctggggatcctccaa 

RSRTKI SLEALGILQ 
1977 agctttattcatgatgtaggcctgtacccagaccaggaagccatc 

SFIHDVGLYPDQEAI 
2022 cacactctntcggctcagctggatctccccaaacacaccatcatc 

HTLSAQLDLPKHTI I 
2067 aagttctrccagaaccagcggtaccacg-cgaagcaccacgggaag 

KFFQNQRYHVKHHGK 
2112 ctgaaagagcacctgggctccgcggtggacgtggctgaatataag 

LKEHLGSAVDVAEYK 
2157 gacgaggagctgctgaccgagtcagaggagaacgacagcgaggaa 

DEELLTESEENDSEE 
2202 ggctccgaggagatgracaaagtggaggctgaggaggaaaatgct 

GSEEMYKVEAEEENA 
2247 gacaaaagcaaggcagcacctgccgaaattgaccagagataa 2288 

DKSKAA PAE I DQR* 
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FIGURE 8 SEQ ID NO 3 (Mouse cDNA) 

1 atggagcggcggagcgagagcccgtgtcttcgggacagccccgac 

MERRSESPCLRDSPD 
4 6 cgaagaagcggcagcccygacgtcaaggggcctcccccggtgaag 

RRSGSPDVKGPPPVK 
91 gtggcccggctggagcagaacggcagccccatgggagcccgcggg 

VARLEQNGSPMGARG 
136 aggcccaacggcgccgtggccaaggccgtgggaggtttgatgatt 

r'pNGAVAKAVGGLMI 
181 ccagttttctgtgtggtggagcagttggatggctctcttgaatac 

PVFCVVEQLDGSLEY 
22 6 gacaaccgagaagagcacgctgagttcgtcttggtgcggaaagat 

DNREEHAEFVLVRKD 
271 gtgctttttagccagctggtggagaccgcgctcctggccctgggg 

VLFSQLVETALLALG 
316 tattcccacagctctgcagcgcaggcccaaggaataatcaagcta 

YSHSSAAQAQGI I K L 
361 gggaggtggaaccccctccccctcagttatgtgacagacgcccct 

GRWNPLPLSYVTDAP 
4 06 gatgcgactgtggccgacatgctgcaagatgtctatcacgttgtg 

DATVADMLQDVYHVV 

451 acgctgaagatccaattacaaagttgttcaaagttggaagacttg 

TLKIQLQSCSKLEDL 
4 96 cctgcggagcaatggaaccacgccaccgtccgcaatgccttaaag 

PAEQWNHATVRNALK 
541 gaactgctcaaagaaatgaaccagagcacattagccaaagaatgc 

ELLKEMNQSTLAKEC 
586 cctctctcccagagtatgatttcatccattgtaaatagcacatac 

PLSQSMISSIVNSTY 

631 tatgccaatgtgtcagcaaccaagtgccaggagtttgggagatgg 

YANVSATKCQEFGRW 
67 6 tacaaaaagtataagaagataaaagtggaaagagtggagcgagag 

YKKYKKIKVERVERE 
721 aacctttcagactattgtgttctgggccagcggccaatgcattta 

NLSDYCVLGQRPMHL 
7 66 ccaaatatgaaccagctggcatccctgggcaaaaccaacgaacag 

PNMNQLASLGKTNEQ 
811 tctcctcatagccaaatccaccacagtactccaatccgaaaccaa 

SPHSQIHHSTPIRNQ 
856 gtgcccgcactccagcccatcatgagccctggtcttctctcaccg 

VPALQPIMSPGLLSP 
901 cagc-ccagtcctcagctrgtcaggcagcaaatagccatggcccat 

Q^LS PQLVRQQIAMAH 
94 6 ctgataaaccaacagatagccgttagccgactcctggctcaccag 

LINQQIAVSRLLAHQ 
991 catccTicaagccatcaaccagcagttcttgaaccacccacccatt 

HPQAINQQFLNHPPI 
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10 36 cccagagcagttaagccagagccaacaaactcctctgtggaagtc 

PRAVKPEPTNSSVEV 
1081 tctcctgatatctaccagcaagttagagatgagttgaagagggct. 

SPDIYQQVRDELKRA 
112 6 agtgtgtctcaagctgtctttgcaagagtggcattcaaccgcaca 

SVSQAVFARVAFNRT 
1171 cagggattattgtcagagatactgcgtaaggaagaagatcccagg 

QGLLSEI LRKEEDPR 
1216 actgcgtctcagtctcttctagtaaacctgagggccatgcagaac 

TASQSLLVNLRAMQN 

12 61 ttcctcaacctgcctgaagtggagcgtgatcgcatttaccaggat 

FLNLPEVERDRI YQD 
1306 gagcgagagaggagcatgaaccccaatgtgagcatggtctcctct 

ERERSMN PNVSMVSS 
1351 gcctctagcagtcccagctccrcccgaaccccacaggccaaaacc 

ASSSPSSSRTPQAKT 
1396 tcgacaccgacaacagacctccctattaaggtggacggcgccaac 

STPTTDLPIKVDGAN 
14 41 gtcaacatcacagctgccatttatgacgagatccaacaggagatg 

VNITAAIYDEIQQEM 
14 8 6 aaaagagccaaggtgtctcaagccctgrttgccaaagtggctgca 

KRAKVS QAL FAKVAA 
1531 aacaaaagtcagggctggctttgcgaactgcttcgttggaaggag 

NKSQGWLCELLRWKE 
157 6 aaccccagcccagaaaaccgcaccctttgggagaatctctgcacc 

NPSPENRTLWENLCT 
1621 atccgccgtttcctgaatcttccccaacatgagcgggatgtgatc 

IRRFLNLPQHERDVI 
1666 tatgaggaagaatctcgacatcaccacagtgaacgcatgcagcat 

YEEESRHHHSERMQH 
1711 gtggtccagctcccacctgagcccgtgcaggtccttcatcgacag 

VVQLPPE PVQVLHRQ 
1756 cagtcccagccaactaaggagagctcccctcccagagaagaagca 

QSQPTKESSPPREEA 
1801 cccccaccgcctcctccaacagaagacagctgtgccaaaaagcct 

PPPPPPTEDSCAKKP 
184 6 cggtctcgcacaaagatctctttggaagccctgggcatccttcaa 

RSRTKISLEALGILQ 
1891 agcttcatccatgatgtaggcctctatcccgaccaggaagccatc 

SFIHDVGLYPDQEAI 
1936 cacacactctccgcccagctggatctccccaaacacaccatcatc 

HTLSAQLDLPKHTI I 
1981 aagttcttccagaaccagaggtaccacgtgaagcaccacgggaag 

KFFQNQRYHVKHHGK 
2026 ctgaaagagcacctgggctccgcggtggacgtggctgaatataag 

LKEHLGSAVDVAEYK 
2071 gacgaggagctgctgaccgagtcagaggagaacgacagcgaggaa 

DEELLTESEENDSEE 
2116 ggctccgaggagatgtacaaagtggaggctgaggaggaaaatgct 

GSEEMYKVEAEEENA 

2161 gacaaaagcaaggcagcacctgccgaaattgaccagagataa 2202 
DKSKAAPAEIDQR* 
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FIGURE 9 SEQ ID NO : 4 Mouse protein sequence 

00 i MERRSESPCL RDSPDRRSGS PDVKGPPPVK VARLEQNGSP MGARGRPNGA 

051 VAKAVGGLMI PVFCVVEQLP GSLEYDNREE HAEFVLVRKD VLFSQLVETA 

101 LLALGYSHSS AAQAQGIIKL GRWNPLPLSY VTDAPDATVA DMLQDVYHVV 

151 TLKIQLQSCS KLEDLPAEQW NHATVRNALK ELLKEMNQST LAKECPLSQS 

201 MISSIVNSTY YANVSATKCQ EFGRWYKKYK KIKVERVERE NLSDYCVLGQ 

251 RPMHLPNMNQ LASLGKTNEQ SPHSQIHHST PIRNQVPALQ PIMSPGLLSP 

301 QLSPQLVRQQ IAMAHLINQQ IAVSRLLAHQ HPQAINQQFL NHPPIPRAVK 

351 PEPTNSSVEV SPDIYQQVRD ELKRASVSQA VFARVAFNRT QGLLSEILRK 

4 01 EEDPRTASQS LLVNLRAMQN FLNLPEVERD RIYQDERERS MNPNVSMVSS 

4 51 ASSSPSSSRT PQAKTSTPTT DLPIKVDGAN VNITAAI YDE IQQEMKRAKV 

501 SQALFAKVAA NKSQGWLCEL LRWKENPSPE NRTLWENLCT IRRFLNLPQH 

551 ERDVIYEEES RHHHSERMQH VVQLPPEPVQ VLHRQQSQPT KESSPPREEA 

601 PPPPPPTEDS CAKKPRSRTK ISLEALGILQ SFIHDVGLYP DQEAIHTLSA 

651 QLDLPKHTII KFFQNQRYHV KHHGKLKEHL GSAVDVAEYK DEELLTESEE 

7 01 NDSEEGSEEM YKVEAEEENA DKSKAAPAEI DQR 
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TABLE 1: Oligonucleotides used in the. Study. 



Marker Oligonucleotide Primers 



Chimeric SEQ ID 
by FISH NO 



dCAATTTTGAGCCCGGAAG 
dTGACTAGAAAGGCATTCCAGAG 



dGGGTACAGCCCATGTGTGAG 



dAGGTGACCAGCAGCCTCT 
dGTAAAACGGACATATCCCCC 



dAGCTATAATTGCATCATTGCA 
dTGGTCTATAACGGTCTATG 



dCTCTACAGTTTATAACCAGC 
dTACACTGGATTCATATTCCC 



dATTTCAATTTCCAAGAGCTGAGG 
dGCTGATGTGACAGAAACATCCC 



dCATGACCTGAAATAAACATAGACA 
dDAGCTTTTCCTGTAGGCTGTC 



dAATAGAGGGCC CTTGCTTAA 
dTTTGGGATAAAAGGTATTTTGC 



dGAGTTAGACCCCGTCTAAAAAAA 
dACTCTCATCTCCTTCCTTGTTCC 



dTACAAAAGGACTTGTCCAGGG 
dTCAAGATTGCCGTGAGGT 



17GD1 




31CH5 


- 


33AC9 




11GG8 




19ID10 




21GA12 


ND 


23EG11 


ND 


32EB9 


ND 


26IF5 




26IF5 




26IF5 


_ 


8IH5 


ND 


13HC12 


ND 


20AG2 


ND 


22HB6 


ND 


26DF5 




22HB6 


ND 


6BC7 


ND 


26EF5 




22HB6 


ND 


10GF2 


ND 


26IF5 




8BG7 


ND 


14HA2 




24GF8 


ND 


8BG7 


ND 


14HAZ 





21 
22 



SUBSTITUTE SHEET (RULE 26) 



WO 00/40719 



PCT/GBOO/00003 



13/14 







23CE7 
24GFS 


ND 
ND 




D2S127] 


dGGAAGGTCCAGATTAGAAG 
dAAGGGAAATAAAGAGAAGCAT 


15BA12 
22HC8 


ND 
ND 


25 
26 


D2S116 


dCAATCTCCACAAGTTGCTCA 
dGGGATAGATAATTTAGGAGTGGG 


6HA11 
13BE7 
14DE4 
16IB4 
28DE5 


ND 
ND 
+ 
ND 


27 
28 


D2S309 


dGCTCTAGTAGGCTGGTTACATAA 
dTTCCAAGAATAATGCAATCTCAG 


4EC12 
31DH5 




29 
30 


FN1 
IGFBPS 


dTTGTTCCTACAGTATTGCGGG 
dCCAACCCAAGATGCAAATG 

dCTATTGGGGTTTCCCAGGAT 
dTTTCCAATATTGGGGCATGT 


7AH3 

11GH11 

31GG9 

37HB8 

21EC3 

22DB10 


+ 
ND 

ND 

ND 


31 
32 

33 
34 


FGFBP2 


dCAGTAGACCGCAGCCAGC 
dGGAAAGCAAGAAGGAGCAGG 


7FA11 
8HF12 


ND 
ND 


35 
36 



2IEC3 

22DB10 ND 

MB dGGACTCCACCTGGAACTGC 35EF10 - 37 

dGAAAACTCGTAGTGAGAGCAG 38 
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TABLE 2 : Genetic Map of CP-1 Region 



A Cen B 


Cen 


I 


j 


j 

D2S311 


er 


i 






| 

1 1 










a€x \ t ) / uex v / 


1 1 


B2S348 


dex" ( 7 } /dex ( 11 ) 


D2S2396 
I 1 

• ! 


D2S72 
(D2S2327) 


Qex \ / ) / CL6ZT t — 1 — t- y 


D2S374 


(D2S2396) 




D2S2217 


D2S105 


dear(7)/der{ll) 


! 1 




der{7)/der{ll) 


i I 


D2S3 07 
(D2S2217) 


dex<7)/der(ll) 


D2S2392 


(D2S2392) 






(D2S1740) 




CM | 


(D2S2708) 




D2S309 

1 I 


(D2S1837) 
(D2S2684) 




Tel 1 


(D2S13 67) 






D2S1384 


dex(7)/der(ll) 




WTS293 


dear (7) /der(ll) 




D2S2189 


der(7)/der<ll) 




D2S1271 


der(7)/der(ll) 




D2S11S 


dex(7)/der{ll) 




D2S309 


der(7)/der<ll) 


Tel 
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